Inkjet technology is believed to be suitable for the mask-less production of various electronic devices. Printed electronics using inkjet technologies have major benefits as shown below: 1) direct printing of metal patterns on large and/or flexible substrates is possible, 2) the waste of coating materials, which are usually expensive, is minimized. In this paper, the jetting characteristics of Ag nano particle dispersed ink with shear mode piezo print heads are described. A 2.7 pl droplet can be ejected with a minimum line width of 70 μm. For applications with flexible substrates, the inkjet patterning of electrodes for PCBs and thin film coating on PET substrates are described using a line-head module.
Introduction
Recently inkjet technologies have been applied to industrial fields. In Figure 1 , examples of applied inkjet technol- 
Inkjet Technology for Printed Electronics
Inkjet technology is a remarkable process whereby a small droplet of special liquid can be placed at a requested point with high accuracy and at a precise volume. The combination of those droplets makes a line pattern or area pattern freely according to a digital image designed previously.
Utilizing the merits of inkjet technology, printed electronics has become a focus because of the features described below: [2] 1) direct drawing without a mask on a large substrate, 2) manufacturing of low volumes of many Fig. 1 Industrial printing fields using inkjet technologies. Fig. 2 Shear-mode piezo actuator.
kinds of devices 3) real-time production by digital design 4) low levels of loss in coated materials.
We have established targets for developing a shearmode piezo print head.
1) The many kinds of inks which are used in printed electronics must be compatible with the material-components used in constructing a print head. These include aqueous inks which are acidic or basic, organic solvent based inks which are various ethers, esters, ketones, and aromatic hydrocarbons, as well as special nitrogen containing cyclic compounds. We have developed a newly synthesized epoxy glue, engineering plastics for the ink manifold, and a passivation layer for the electrode of the piezo material, which contact the ink fluid directly.
2) A highly sensitive piezo material, PZT (Pb(Zr,Ti)O 3 ceramics), was selected and relatively high viscous ink should be ejected at low driving voltages, below 20 V. [3] 3) Good directionality of the ejected droplets is required for highly precise patterning. We achieved an average angle deviation of droplets less than 0.1 degree as 1σ.
4) According to the required line width, which is
proportional to the droplet volume, and the thickness, we developed 4 types of print heads which can eject droplets of different volumes, 42 pl, 14 pl, 6 pl, and 4 pl, respectively. In Table 1 , the line-up of print heads is shown.
Experiment

Inkjet head
We used the 42 pl head for large area pattern drawing and the 4 pl head for fine patterns.
Ink
We used various kinds of sample inks supplied by many ink manufacturers. Ag nano-metal particles dispersed inks were used as oil-based or organic solvent-based inks.
3 Direct printing system
We tested the jetting properties of various kinds of metal dispersed inks using a drop-watcher system. Metal electrode patterns were obtained using a direct printing system easily operated for experimental research as shown in Figure 3 . The system is constructed from 1) an XY stage which scans the print head as the X axis and the media on the table as the Y axis, 2) a memory board and head driving board which generate the waveform of pulse ejecting droplets as required for the drawing patterns, 3) a PC and software which control the electric boards and XY stage movement, 4) an ink storage syringe which supplies ink to the print head by a static pressure difference.
Results and Discussion
Inkjet ejection of Ag nano particle dispersed ink
For stable ejection of nano-metal particle dispersed ink, it is necessary that the aggregation and precipitation of particles be inhibited under all conditions and that the viscosity of the ink used not be increased at the meniscus at the liquid-air boundary near a nozzle of the print head. The preferable viscosity of ink is from 5 to 15 mPa sec. 
Inkjet printing on flexible substrate
We studied constructing an inkjet coating system for flexible sheets, usually called a web coating apparatus. Ejecting droplets at 12 kHz, the coating speed was 400 mm/sec. When a uniform coating of PI film is required, 14 pl droplets make a film 5 μm thick wet, which results in a thickness 0.5 μm dried if the density of the ink is 10 vol%.
Using the line-head module shown in Figure 10 , an example of the obtained optical anti-reflection film on TAC (Triacetyl cellulose) film showed good uniformity of thickness, 0.5 μm ± 2%.
Conclusions
Inkjet technology is suitable for the mask-less production of various electronic devices. The shear-mode piezo print head and Ag nano particle dispersed ink make fine electrode patterns by direct drawing. A line-head module is usable for coating flexible substrates. 
